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Abstract 
As the increasing of coal utilization, requirement on re-utilization of coal combustion ash (CCA) was also increased. In the mine 
site, having considered the some advantage characteristics of CCA, co-placement with overburden rock in the overburden 
dumping area of mining site is to be one potential alternative to be implemented. In this paper, the potential use of CCA from a 
specific site power plant as a layer in the dry cover system was studied. According to the quality of discharged water and 
measured-oxygen concentration within the column under the influences of local climate, the experiment indicates some 
advantages of CCA utilization such as higher on pH, alkalinity and higher capacity to prevent oxygen diffusion into the column. 
These results offer a promising technique to re-utilize CCA in controlling acid mine drainage (AMD) generation from potentially 
acid forming overburden rock.  
 
Keywords: 
1. Introduction 
AMD generation from a mine site is complicated due to the site-specific conditions that are rock geochemical and 
climatic conditions. Thus, the nature of size associated the risk and mitigation feasibility will vary from site to site. 
It is, however, application of such methods to prevent AMD generation sometimes is limited because of technical or 
economic constraints and highly dependence on site-specific conditions (climate, geographical locations, etc.). 
Considering the challenge of AMD prevention facing, a technically and environmentally sustainable as well as cost-
effective mine waste management techniques must be investigated and evaluated. 
On the other hand, as the effect of rising of world’s oil price, coal utilization as a primary energy source becomes 
more competitive. Accordingly, there has been a major shift of primary energy sources for electric generation from 
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the fuel oil into coal in the last few decades and resulting in the increase of CCA as the combustion byproduct 
afterwards. The chemistry composition and the physical characteristics of the CCA are depending on the coal 
quality as well as the combustion conditions (Wibberley et al., 1986). As the CCA is a byproduct of combustion, it 
is classified as a waste by itself. However it would become a valuable by product in numerous environmental and 
commercial applications due to its pozzolanic, cementitious and alkaline properties (Yeheyis, 2008). Several 
researches have been conducted to investigate the potential use of CCA to control AMD generation from sulphidic 
wastes (Balsamo, 1986; Xenidisetal., 2002; Gautama et al., 2008) and to neutralize the generated AMD (Gitari et al., 
2008). 
This research aims to investigate the effect of CCA addition within dry cover system, particularly related with the 
quality of leachate and oxygen diffusion preventionHere introduce the paper, and put a nomenclature if necessary, in 
a box with the same font size as the rest of the paper. The paragraphs continue from here and are only separated by 
headings, subheadings, images and formulae.  The section headings are arranged by numbers, bold and 10 pt.  Here 
follows further instructions for authors. 
2. Materials and Experimental Method 
2.1. Materials 
The coal combustion ash was collected from the newly dumped CCA of the KPC mine mouth thermal power 
plant which located in Sangatta, East Kalimantan, Indonesia. At present, this power plant has total capacity of 10 
MW and planned to be expanded up to 30 MW in the near future.  
The mine mouth power plant used un-pulverized commercial size of coal with grain size up to 50 mm in diameter 
as fuel. It is consumed 39 thousand tons of the sub-bituminous coal per year from the mine-site nearby and produce 
6.8 thousand tons of coal combustion ash comprised of fly ash (89%) and bottom ash (11%) yearly.  
The two types of mudstone overburden with different geochemical characteristics, taken from the pit nearby (pit J 
of KPC), are selected to be used for simulation of the CCA-overburden co-placement in order to evaluate the 
leachate behavior in particular. Mudstone overburden is selected due to consideration that this lithology is the most 
common in the mine area.  
Detail of the physical and geochemical characteristic of CCA and mudstone overburden was described in 
Kusuma, 2012. According to wet sieving result, the CCA and overburden rock were dominated by silt sized particle 
within value of 44% for CCA, 53% for MS1, and 44% for MS2 overburden rock. Specific gravities (Sg) of CCA, 
MS1, and MS2 are 1.25, 2.61, and 2.66, respectively.  
Result of static geochemical analysis of samples was shown in Table 1. The NAPP value of CCA, MS1 and MS2 
are -12.82, 9.07, and 4.57 kg H2SO4/ton, whereas the NAG pH was 6.9, 2.9 and 2.68, respectively. Combining value 
of NAPP and NAG pH of each those samples, CCA was classified as non acid forming (NAF) material, while MS1 
and MS2 were classified as potentially acid forming (PAF) material. 
 
Table 1. Static geochemical characteristic of CCA and overburden rock 
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MS1 7.00 1.32 27.69 18.62 9.07 0.67 2.90 16.66 27.64 
MS2 6.12 1.46 31.52 26.95 4.57 0.85 2.68 28.22 38.02 
CCA 8.67 1.23 12.17 24.99 -12.82 2.05 6.90 0.00 0.98 
Note : *) = in Kg H2SO4/ton ; MPA = Maximum Potential Acidity; ANC = Acid Neutralizing Capacity;  
NAPP = Nett Acid Producing Potential; NPR = Neutralizing Potential Ratio (ANC/MPA); NAG = Net Acid Generation 
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2.2. Column leach test 
Columns with diameter 50 cm and 90 cm height were used. Overburden rock within diameter + 4.75 mm - -20 
mm was used. Several scenarios of multi-layered material were performed in the column under influence of local 
climate (Figures 1). Table 2 shows the material composition within column whereas Table 3 shows the initial 
physical conditions of materials within each column. Alternate dry and wet condition was determined by rainfall 
event and solar light. Flexible tubes were installed at 15, 30, 60 and 80 cm depths to measure the concentration of 
oxygen twice a week using Cosmos XP-3180 equipment. 
 
 
Table 2.bulk density and porosity of material at each column layer 
 
Material 
Type 
Control (in kg) Multi-layer column (in %) 
NAF PAF CCA C1 C2 C3 C4 
MS1 40 - - 87.6 80.9 71.0 50.4 
CCA - 20 - 0.0 5.6 13.7 28.1 
MS2 - - 40 12.4 13.5 15.3 21.5 
 
 
Table 3.bulk density and porosity of material at each column layer 
 
Material 
Type 
Column 
C1 C2 C3 C4 
*) **) *) **) *) **) *) **) 
MS1 2212.4 15.2 2222.4 14.8 2094.0 19.7 1906.2 27.0 
CCA 0.0 - 848.9 29.4 725.4 39.6 664.7 44.7 
MS2 2037.2 23.2 2037.2 23.2 2037.2 23.2 2037.2 23.2 
Note :  *) = Bulk density (kg/m3) 
 **) = Initial porosity (%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Field Colum Leach Test Layer Scheme 
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The oxygen flux within the partially saturated-porous media column was determined using several equations 
proposed by Alakangas, 2008 as follows: 
 
 C zeffF D ' '    (1) 
 F = oxygen flux (mole m-2 s-1) 
 Deff = effective diffusion coefficient (m2 s-1). 
 
Deff was calculated using the following equation from Elberling et al. (1997), accounting for diffusion both in air 
and water. 
 
(1 ) w
H
D
Keff a w wD D S S
DW W     (2) 
Sw = degree of saturation 
KH = Henry’s constant for oxygen (25 at 10°C) 
τ  = tortuosity factor (0.273±0.08) 
α  = an empirical coefficient (3.26±0.4), for sandy materials with a saturation degree below 80% (Reardon and 
Moddle, 1985) 
Da = diffusion coefficient of oxygen in the pure air phase is 2.0 x 10-5 m2 s-l 
Dw = diffusion coefficient of oxygen in the pure water 1.8 x 10-9 m2 s-1 
 
The oxygen flux, F (mole m-2 s-1) into a lysimeter with height h can be determined with: 
 
lmdC
dtF h   (3) 
dClm = oxygen concentration change with the time in the lysimeter beneath a layer 
 
Making the equation [1] equal to the equation [3] gives an expression for Deff 
 
  lmdCz Ceff dtD h ' '    (4) 
 
Integrating Equation 4, using the initial condition with zero concentration in the lysimeters at time zero (Clm= 0, 
at t = 0) gives: 
 
 0 0( ( )ln lmC zC C teff tD h'    (5) 
C0 = oxygen concentration above a layer (assumed to be constant) 
∆z = the distance between C0 and Clm(t) 
 
For a cover system with several layers the harmonic mean was used to estimate the equivalent effective 
diffusivity,
E
effD , for all layers when the effective diffusivity, _i effD and thickness mi for each layer i, are known. 
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Leachates from the bottom of column was collected weekly which were then measured for the pH, electrical 
conductivity (EC) and oxidation-reduction potential (ORP). Anion-cation such as calcium, magnesium, sodium, 
potassium and sulfate as well as metal content such as iron, aluminum, manganese, boron, chromium, zinc, arsenic, 
copper, selenium, cadmium, and lead of some selected cycle from each column were analyzed after filtering through 
0.45 mm filter. The pH, EC, and ORP were measured by TOA-DK pH meter HM-21P series, HORIBA conductivity 
meter B-173, and CUSTOM ORP-meter ORP5041, respectively. Anion-cation was measured by using Dionex ICS-
90 ion chromatography, while metal content was measured by using ICP-MS Agilent 7500 Series. 
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3. Results And Discussion 
3.1. Rainfall 
Figure 2 shows the rainfall event during the experiment. The rainfall varied from 0 to 80.2 mm/day with an 
average of 7.8 mm/day. The rainfall interval varied from a few hours up to 20 days. This varied interval determines 
the alternate wet and dry conditions which influence the column condition. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Rainfall event 
3.2. pH, Electric Conductivity and Oxidation-Reduction Potential 
The pH of lechate at all columns was remaining near neutral except the PAF control column (Figure 3). Initially, 
the pH of MS2 overburden remained higher than 6 in the eight weeks period of monitoring. However, the pH of 
MS2 overburden decreased in the 9th week. Although it appears to increase during high rainfall event at period of 
week 10-13, the pH tends to decrease below 3 afterwards. It indicates that inherent neutralizing capacity within the 
MS2 overburden cannot buffer the increased of oxidation reaction after experiencing an alternate dry-wet condition. 
In addition, the higher composition of CCA within multi-layer column appeared to result in higher pH. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. pH of leachate 
 
The EC values in the MS2 and multi-layer column were high compared to the MS1 overburden and CCA (Figure 
4). The higher EC on the MS2 overburden indicates a high oxidation reaction rate of sulfide mineral compared to 
MS1 overburden and CCA. Whereas the initially high EC value on the multi-layer column was likely due to the 
effect of initial load flushing of since the higher amount of material within the multi-layer column compared to the 
control column. The initial EC value on MS2 and multi-layer column were around 8 mS/cm and tend to decrease to 
around 3 mS/cm after 10 weeks monitoring. 
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Figure 4. Electric conductivity 
 
The ORP values in the leachate from each column were range 0.2 – 0.33 volt, except for MS2 control column 
(Figure 5). The ORP trend order has an almost similar trend order with the EC which indicates the role of CCA in 
maintaining the oxidation reduction potential to remain low. The high pH of leachate might make the iron tends to 
precipitate into the form of Fe2O3(s) which may trig a co-precipitation of other dissolve metal (Wei et al., 2011). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Oxidation reduction potential 
3.3. Anion cation 
In general, the trend of cation-anion relation was almost similar in the field column leach test, especially in the 
control column (Figure 6.a and 6.b). The existence of neutralizing capacity within overburden and CCA buffers the 
generated-acidity. However, once the acidity generation rate increased over this buffering capacity, the pH was 
getting low. In the MS1 overburden and CCA column, it revealed that the inherent neutralizing capacity could 
compensate the inherent generated-acidity. Unlike from those columns, the acidity generation rate in the MS2 
column was higher than the inherent neutralizing capacity indicated by cation-anion ratio value less than 1, hence 
lowering the pH (Figure 6.c). In addition, leachate characteristic was also indicated to be influenced by the rainfall 
event as the effect of accumulation and dilution within various rainfall event interval and intensity.  
In the multi layer column (C1-C4), the cation-anion in the leachate decreased along the monitoring period and 
revealed to be steady at 8 week after first lechate occurred (Figures 6.a & 6.b). The cation-anion concentration was 
proportional to the total amount of overburden within the column which indicated the existence of oxidation and 
neutralization reaction. 
It is difficult to distinguish proportionally the source of sulfate as sulfide oxidation since the influence of 
oxidation product which potentially occurs in the MS1 overburden layer cannot be ignored. But, the lower 
concentration load compared to the control column may indicate the effectiveness of CCA layer to inhibit 
257 Ginting J. Kusuma et al. /  Procedia Earth and Planetary Science  6 ( 2013 )  251 – 261 
sulfideoxidation within the MS2 overburden layer. 
 
 
a) Concentration of cation 
 
 
 
b) Concentration of anion 
 
 
 
c) Corelation among cation and anion  
 
Figure 6. Concentration of cation and anion, field column 
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Moreover, the existence of cover layer provided a higher ratio of cation-anion in the leachate (Figure 6.c). It may 
indicate the higher degree of neutralization of oxidation product resulted from MS1 layer was occurred in the CCA 
layer which then precipitated due to decrease its solubility as result of the increase of pH. The precipitated 
substance, both in the CCA layer or the MS2 layer beneath, may coat the available reactive surface and inhibit the 
oxidation reaction afterwards. 
3.4. Metal content 
Regarding to the addition of CCA, it revealed that addition of CCA has resulting in higher alkali release rate, 
meaning that there is more alkali available to neutralize acid. Those conditions also affect to the release rate of 
major metal such as iron, aluminum and manganese which the lower concentration of those metals was found in the 
column with higher CCA ratio (Table 4). Furthermore, the trace metal of multi layer column was lower than single 
overburden material without CCA, except for Boron since it is very often with the smallest particles in the CCA and 
accumulated on the surfaces of particles and in water-soluble fractions, and therefore has high leachability rates 
(Querol et al., 1995). This condition meant that addition of CCA within CCA-overburden rock mixing did not effect 
to the increase of the measured trace metal element. Moreover, the metal content in the leachate from all columns 
were remaining below the threshold value of Indonesian Government Regulation for hazardous waste No 18/1999 jo 
Gov. Reg No 85/1999. 
 
Table 4. Metal content within leachate 
  MS1 MS2 CCA C1 C2 C3 C4 *) 
B max 31.822 1.722 27.198 3.101 28.800 51.167 56.652 500 
 avrg 6.218 0.971 8.857 1.612 20.908 38.187 48.320  
 min 0.042 0.067 2.483 0.822 16.413 19.828 41.490  
Cr max 0.075 0.294 0.024 0.035 0.035 0.067 0.145 5 
 avrg 0.027 0.059 0.005 0.023 0.025 0.031 0.045  
 min 0.003 0.002 0.001 0.009 0.017 0.013 0.015  
Mn max 5.944 69.667 0.478 5.521 0.994 1.886 7.107 4**) 
 avrg 1.113 21.062 0.075 1.189 0.216 0.527 1.835  
 min 0.048 0.201 0.004 0.055 0.035 0.067 0.070  
Fe max 102.519 480.800 6.081 39.044 11.704 10.227 58.289 7**) 
 avrg 19.098 91.657 1.263 9.696 4.567 4.771 13.836  
 min 1.737 1.061 0.340 1.783 1.596 2.011 2.141  
Cu max 8.132 3.686 0.571 0.671 0.663 1.418 0.320 10 
 avrg 2.053 1.052 0.216 0.272 0.204 0.492 0.107  
 min 0.132 0.024 0.001 0.082 0.049 0.046 0.030  
Zn max 3.467 9.045 0.725 0.961 1.122 0.955 0.451 50 
 avrg 0.656 2.499 0.127 0.522 0.426 0.535 0.333  
 min 0.192 0.107 0.017 0.219 0.136 0.168 0.226  
As max 0.181 0.164 0.051 0.521 0.033 0.110 0.095 5 
 avrg 0.037 0.029 0.017 0.108 0.027 0.048 0.068  
 min 0.000 0.001 0.002 0.020 0.017 0.009 0.039  
Se max 0.372 0.389 0.026 0.218 0.111 0.105 0.266 1 
 avrg 0.080 0.043 0.009 0.083 0.078 0.076 0.102  
 min 0.003 0.002 0.002 0.036 0.044 0.032 0.040  
Cd max 0.022 0.097 0.001 0.007 0.026 0.014 0.035 1 
 avrg 0.004 0.010 0.000 0.004 0.010 0.006 0.008  
 min 0.001 0.000 0.000 0.003 0.004 0.002 0.002  
Pb max 0.964 1.258 0.105 1.000 0.209 0.239 0.169 5 
 avrg 0.321 0.295 0.045 0.286 0.118 0.153 0.117  
 min 0.030 0.018 0.012 0.086 0.059 0.104 0.071  
3.5. Oxygen measurement 
In general, the oxygen concentration within column decreased as the increase of measurement depth. The oxygen 
concentrations at all columns were fluctuated as the influence of local climate (rainfall event) which determined the 
moisture content within overburden rock and diffusion coefficient ultimately. As the effect of mistake at the initial 
set up of material in the column, the moisture content within column at the period before January seemed to remain 
at its dry condition since there is no leachate can be collected at the bottom of column. A corrective effort was 
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conducted to make sure the rainfall water infiltrated into the overburden, afterwards. As a result, there were some 
changes of oxygen concentration trend which was influenced by rainfall. 
At column C1 which consists of MS2 overburden covered with MS1 overburden only, the average oxygen 
concentration on A1, B1, C1, and D1 sampling point before infiltration were 19.8, 15.1, 13.1, and 12.7% whereas 
oxygen concentrations after infiltration were slightly increased to be 19.6, 18.1, 16.9, and 16.4%, respectively 
(Figure 7). The increase of oxygen concentration may indicate an effect of flushing, (rather than re-compaction 
effect since the settlement was not identified) within overburden material which makes the loose dust/clay particles 
re-assembles to become bigger particle and or unite with overburden matrix surface hence increasing the effective 
permeability (thus may increase diffusion coefficient) within overburden material. Moreover, a quite high oxygen 
concentration in the deepest sampling point (D1) indicates that 65 cm layer of MS1 overburden was not effective as 
cover layer to reduce the oxygen diffusion. 
 
 
Figure 7. Oxygen concentrations within column C1 
 
Column C2 consists of 10 cm CCA layer above MS2 overburden in addition to the MS1 layer at the top. Trend of 
average oxygen concentration at A2 and B2 is similar with sampling point on Column C1 due to similar mechanism 
which increases from 19.2 and 14.6% to be 19.2 and 18.1%, respectively (Figure 8). In contrast, the average oxygen 
concentration on the C2 and D2 sampling points was significantly decreased from 11.8 and 11.6% before infiltration 
to be 3.6 and 3.1% after infiltration, respectively. It indicated that the CCA layer has a significant role in the 
decrease of oxygen concentration on these sampling points. This phenomenon may indicate that the CCA has 
capacity to consume oxygen since the CCAmay also content organic constituent (Blissett&Rowson, 2012). The 
organic constituent will consume oxygen when it degraded (Saria, 2005; Hallberg et al., 2005). However, in this 
experiment the oxygen consuming capacity of CCA was not evaluated yet. Along with the increase of CCA layer 
thickness in the column (at column 3 and 4, not shown in this paper), the measured oxygen concentration at MS2 
layer was decreased. 
 
Figure 8. Oxygen concentrations within column C2 
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Table 5 summarizes the oxygen concentration at each sampling point and different period whereas Table 6 
summarizes the calculated diffusion coefficient (Deff) within multi-layer column using equation [5] and [6]. The Deff 
value ranged from 5.41x10-9 to 2.87x10-6 m2/s. Those values are in line with the values obtained by previous 
researchers (Cabral et al., 2000; Alakangas et al., 2008). In term of oxygen barrier, the value of Deff<1.0x10-09 m2 s-1 
is suggested for effective perfor- mance of the cover layer (Moreno &Neretnieks, 2004). Accordingly, comparing 
the Deff obtained in the Table 6 revealed that existence of CCA layer improved significantly the performance of 
cover layer to reduce oxygen diffusion, though for thickness up to 40 cm of CCA co placement with 25 cm result 
Deff = 5.41x10-9 m2 s-1, a bit below the suggested value. However, considering the total thickness of cover layer 
which is commonly applied in the overburden waste rock dump in the range of 1 – 10 m, the Deff value <1.0x10-09 
m2 s-1 was possible to be achieved. Hence, application of CCA layer as part of cover layer in the waste rock dump 
sounds interesting to be implemented. 
 
Table 5. Average oxygen concentration, (v/v %) 
Sampling  
point 
C1 C2 C3 C4 
B-Inf.*) A-Inf.**) B-Inf. A-Inf. B-Inf. A-Inf. B-Inf. A-Inf. 
A 19.75 19.55 19.17 19.18 19.79 20.30 19.91 19.48 
B 15.08 18.14 14.56 18.07 12.98 12.99 14.80 1.32 
C 13.06 16.89 11.84 3.58 12.55 1.50 14.38 0.53 
D 12.72 16.44 11.60 3.06 12.18 0.59 14.32 0.06 
Note :*) = Before infiltration; **) = After infiltration  
 
 
Table 6 Diffusion coefficient (m2.s-1) within column 
Deff 0-A Deff A-B Deff B-C Deff C-D Deff 0-D 
C1 B-Inf.
*) 1.44x10-6 7.15x10-7 9.98x10-7 1.36x10-6 1.74x10-6 
A-Inf.**) 1.36x10-6 1.30x10-6 1.33x10-6 1.35x10-6 2.87x10-6 
C2 B-Inf. 1.23x10
-6 7.08x10-7 8.31x10-7 1.46x10-6 1.51x10-6 
A-Inf. 1.24x10-6 1.41x10-6 1.10x10-7 7.21x10-7 2.95x10-7 
C3 B-Inf. 1.45x10
-6 5.29x10-7 1.69x10-6 1.31x10-6 1.63x10-6 
A-Inf. 1.76x10-6 5.07x10-7 6.10x10-8 1.84x10-7 5.3x10-8 
C4 B-Inf. 1.51x10
-6 6.75x10-7 1.76x10-6 2.07x10-6 2.15x10-6 
A-Inf. 1.34x10-6 3.49x10-8 2.52x10-7 4.55x10-8 5.41x10-9 
Note :*) = Before infiltration; **) = After infiltration  
 
Nevertheless, it is important to remember that Deff is strongly influenced by the degree of saturation of the 
material (Schaefer et al., 1997; Aubertin et al., 2000), so that the value of Deff in the field is often greater than that 
obtained in the laboratory (Yanful, 1993). Hence, care should be paid to make sure that the properties of material 
used for this layer was satisfied the required geotechnical design criteria of cover layer.   
4. Conclusion 
Based on the result of this study, the following conclusions can be drawn: 
 
1) The addition of CCA on the dry cover layer geochemically increase buffering capacity of system hence 
resulted in higher pH in the leachate. This condition may commence the precipitation of iron hydroxide 
throughout the experiment. Furthermore, the precipitated iron hydroxide may coat the reactive surface and 
inhibit further oxidation reaction; 
2) The metal content in the leachate from all multi-layer columns were remaining below the threshold value of 
Indonesian government regulation for hazardous waste; 
3) The measured oxygen concentration underneath NAF cover layer with CCA is lower than that of below 
NAF cover layer only, thus the calculated diffusion coefficient of multi-layer consists of CCA layer was 
lower than that of NAF overburden only which indicates the potential of CCA layer as an oxygen barrier 
layer physically. 
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